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1.0 SCOPE

This part of this specification establishes the require-
ments for performance, design, test, and qualification of a
computer program identified as the Support System for On-Board
Checkout and Data Management System (OCDMS), CEI 036701A. This
CPCEI provides the software tools and techniques to achieve
the following major objectives:

a) Standardization of computer programming and data
management practices for a space-borne computer-based system
for applications involving the Saturn/Apollo Application (S/AA)
Experiment Program;

b) Development of methods and procedures that provide for
S/AA missions a traceability and correlation capability for
all experimental data collected (i.e., the OCDMS operational
concept includes experiment integration in a space vehicle,
prelaunch, in-flight, and post-flight activities);

C) Minimization of test planning cost and simplification
of configuration management tasks by means of the control and
information processing capability of the OCDMS software;

d) Generation of S/AA experiment procedures and system
software that provide maximum flexibility, and expandability
by such means as the programming and engineering language

features for the computer-based OCDMS.
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This CPCEI requires that all other elements and computer
program components of OCDMS software shall conform to, or be

compatible with, the requirements delineated herein.
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2.0 APPLICABLE DOCUMENTS

The following documents of exact issue shown, form a
part of this specification to the extent specified herein.
In the event of conflict between documents referenced here
and the detailed céntents of Section 3, 4, and 10, the
cetailed requirements in Sections 3, 4, and 10 shall be
considered superseding requirements.

2.1 Project Documents: None

2.2 Specifications

2.2.2 Performance and Design Requirements for the Onboard
Checkout and Data Management System, General Speci-
fication for, Specification No. SS2036701A, June, 1967

2.2.3 Performance/Design and Product Configuration Require-
ment, Supervisory System for Onboard Checkout and
Data Management System (OCDMS) Saturn/Apollo Application
Program, March, 1967

2.3 Other Publications

2.3.1 MSFC-PROC-485, Inpu or Configuration Management

1+ Fo
Accounting and the Reporting System, Preparation of
28 October 1965

2.3.2 PRC D-1336, Onboard Checkout System Hardware Design,
11 November 1966

2.3.3 PRC D-850, Onboard Checkout System Software Design,
17 November 1966

2.3.4 SR-QUAL-65-48, NASA(MSFC), Directives for Software
Development, 15 December 1965

2.3.5 Preparation of Contract End Item Detail Specifications
(Computer Program) Exhibit XVIII to NPC 500-1,
26 May 1966
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3.0 REQUIREMENTS

The OCDMS System Requirements include performance require-
ments, design and construction requirements, and requirements
for functional areas. These requirements define and control a
space-borne checkout and data management system to be used with
the Saturn/Apollo Applications (S/AA) :Experiment Program. Per-
foermance and design requirements included here are allocated
from, identical with, or in recognition of, requirements esta-
blished by the system specification. The particularly signifi-
cant requirements contained therein are as follows:

| a) Stimuli Generation and Application

b) Response Measurement

c) Astronaut or bperator Communication

d) Ground Uplink Communication

e) Ground Downlink Communication

f) Operating Mode Requirements

g) 1Internal Operational Requirements

h) OCDMS Hardware/Software Verification Requirements

Support System Software requirements are also derived from
specific OCDMS operability requirements such as Reliability,
Maintainability, Useful Life, Human Performance, Safety, and

Induced Environment.
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3.1 Performance

OCDMS Support System Software performance requirements
are identified on the basis of analysis and definitions of
experiments of the S/AA Experiment Program and trade-offs
to the other major software segments; i.e., the OCDMS Super-
visory System, and the Experiment Procedure Programs. In
general, this CPCEI is expected to provide functional opera-
tions which minimize on-line computation or data manipulation
by virtue of these processing services.

3.1.1 System Requirements

The limits and/or capacities of this CPCEI performance

shall be constrained to operational envelopes including pro-

.gram generation, data base processing and computer program

verification/testing. These applications shall in general
be restricted to computation tasks and experiment data defini-
tions within the following scientific/technical areas:.

® Astronomy

® Biomedical and Behavorial

® Biotechnology

® Cartography

® Communications

® Electronic Controls

® Engineering Activity

® Environment Biology
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e Interplanetary Dust

e Ionospheric Physiés

e Meteorology

e Natural Resources

® Navigation and Traffic.
e Particles and Fields

® Physical Biology

® Planetary Atmosphere

e Planetology

® Space Applications

® Space Vehicle Technology
® Solar Physics

3.1.2 Operational Requirements

The Support System CPCEI is represented by the functional
block diagram of Exhibit 1. Overall operational functions are
identified in subsequent paragraphs. The identifications,
descriptions and relationships expressed for these CPCEI
functions are intended for total systems operations and not
as a restrictive design definition of computer program com-

- ponent (CPC) organization or as functional descriptions of
particular main or subprograms.

3.1.2.1 Function 1l: Language Translation

Language translation is a system function to be imple-

mented by OCDMS Support System computer program processes and
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services. Machine translations and transliterations shall
provide for source programming languages and data languages.
Executable object code and parameters are to be produced in
a form suitable for on-line operations under control of the
OCDMS Supervisory System.

Attributes of this function are closely related to other-
identified system functions (i.e., 3.1.2.2 through 3.1.2.6).
These relationships exist because the languages determine
the degree to which actual communication and information
acquisition is handled by the system. The other system
functions are likewise involved in this mechanization of
communication and information gathering processes and as
such, contribute to salient language features including the
following:

® Program Structure

® Storage Allocation

® Data Description

® Data Organization

® Data Conversion

® Input/Output Control

® Multi-task Operation

® List Processing
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It is the intent for the purpose of this specification
to define the language translation function as applying to
all levels of programming or data language to be used by the
system. Thus, user-oriented languages or compiler languages
for engineering and programming as well as assembly languages,
and absolute machine code conversions are covered by the
following operational requirements.

3.1.2.1.1 Sources and Types of Inputs

a) Functional inputs shall typically be obtained from

the following sources:

® Experiment procedures

e Eguipment descriptions

e Equipment characteristics

® Experiment data definition

e Development test data

® Qualification test data

@ Reliability test data

e Functional test data

® Calibration data

b) Units of measure -- To be determined
¢) Limits/ranges -- To be determined
d) Accuracy/Precision -- To be determined

e) Arrival frequency -- To be determined
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3.1.2.1.2 Destination and Types of Outputs

a) Functional outputs shall consist of, but not neces-

sarily be limited to, the following types:

e User-oriented language translation
e Assembly language processing

® Program structuring and semantics
® Data set descriptions and formats

® Data set conversion rules

b) Destinations -- To be determined.

c) Units of Measure -- To be determined.
d) Limits/ranges -- To be determined.

e) Accuracy/Precision -- To be determined.
f) Output Frequency -- To be determined.

3.1.2.1.3 1Information Processing

L S S S 1 L | - - R SN I U T T
Jeleldosdled. L hdfl(iud.ge FILIOCEDLSSLIlYy LLllella

a) The translation process shall be characferized
by iterative operations. That is, it is expected that appli-
cation programs invloving experiment control, equipment check-
out, self-check, and all other procedures will be submitted
numerous times as jobs to the Support System (on the order of
3 to 10 times, and in some instances more often depending on
complexity and changes to equipment or procedures). Thus,
the process can be considered as an experimental method of

successive approximations ; the process terminating when the
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desired object code has been obtained. The most outstanding
characteristic of the output will be its improvement: for each
cycle of machine processing.

b) A complete theoretical knowledge of the source and
target language can not be assumed to exist. A perfect under-
standing of the translation process itself is not available.
Rather, each machine translation cycle in conjunction with
program testing, elimination of errors, and more concise pro-
cedure statements provide the means of communicating and
achieving the objectives of language translation.

c) Programming design which implements the language
translation processes by brute-force techniques is not accept-
able. This implies that the translation process shall not be
limited to large tables of grammar rules, extensive dictionaries,
and associated information processing restricted to table
look-up.

d) The principle design objective is to achieve an
engineering approach to OCDMS machine translation processes;
one which allows highly flexible, comprehensive communication
and control to be exercised over the system. The method of
implementation shall be by means of system macro-instructions,
by well defined data management techniques, and by program

testing services.
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e) Source language statements shall in most cases be
translated to computer object code in the form of linkages
and calling sequences to functional subroutines of the OCDMS
Supervisory System. Tables of parameters will be generated
as appropriate to enable OCDMS Supervisor routines to handle
phiysical environment interactions, communication elements,
and the resolution of possible conflicting demands. Source
input that can not be processed in the above manner shall be
translated to machine instructions and appropriate operands.
Linkage such as for macro-instruction or subroutine shall be
generated for execution under Supervicor Control.

3.1.2.1.3.2 Compiler Storage Allocation

An OCDMS Support System subprogram shall provide
logic and data manipulation to read the initial declaration

tatements.

4]

statements and prerequisites specified by control
Proper storage assignments shall be made, and elements ordered
in one sequential table by symbol. The declarations will
include array-dimension information, labeled common declara-
tions, equivalent statements, mode assignments, and the pre-
setting of arrays. The double entry table, ordered by the
first entry (the symbol), would contain in the second entry

a designation of the type of entry, the address assigned, and

the mode.
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3.1.2.1.3.3 Compiler Statement Decomposition

a) An OCDMS Support System subprogram shall provide
logic and data manipulation to decompose various fields of
the language statements. This is fundamentally a recursive
process and as such imposes large storage usage requirements
because of normal postponement actions. It will therefore be
expedient and necessary because of storage limitations to
employ list processing tecﬁniques which ?ostpone only the
generation of connectives. The same reasons apply for the
requirement to separate implementation of the expression
scanner and the statement scanner.

b) Statement decomposition shall be completely
syntactical in execution, and should simply transform the
statement to a discrete word or array form. Such a form is
regarded for the purposes of subsequent compiler subprograms
processing as a modified list structure. The transformation
would proceed on a basis that elements within each source
statement would be isolated and entered in the symbol table.
Addresses will replace symbols as they are encountered.
Relative addresses will be generated for constants, statement

labels, and function names as they are encountered.
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3.1.2.1.3.4 Supervisor System Parameter Generator

An OCDMS Support System subprogram shall provide
logic and data manipulation activities which extract required
parameters of the Supervisor System from the array form des-
cribed by the previous paragraph. The syntactical decomposi-
tion of a statement will transform the statements and expres-
sions to discrete-word, symbol-free array form. The processing
of the parameter generation algorithm will locate and move
information needed by the OCDMS Supervisory routines in
performing operations associated with induced environment,
scheduling parametérs, communication conventions, priority
levels, interruption actions, or queue supervision. The
information will be accumulated in tabular form or as reloca-
table data sets. They will be positioned on the output tape
as a separate object module from the program statements in
which originally specified. The symbolic location will be
defined such that the Assembler, the Loader, or program pro-
duction routines will provide the proper execution time link-
age to all program segments that require access to the
parameters.

3.1.2.1.3.5 Compiler Translation

An OCDMS Support System subprogram operates on
the output of the compiler statement decomposition routines

and translates the reduced and modified array form to OCDMS
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computer symbolic instructions. These computer instructions
and macro-instructions must be subsequently assembled, reloc-
ated, and linkage generated for the object modules which are
to be executed together. The translation algorithm would
replace each line of the array as appropriate by a calling
sequence which links and communicates parameters to functional
subroutines of the on-line OCDMS Supervisor. In those instances
where a corresponding functional operating subroutine does not
exist (i.e., where the array entry calls for a unique compila-
tion sequence), the translation algorithm would replace the
entry with directly executable machine language code. Trans-
lation shall not be accomplished immediately after the original
statement scanning and storage allocation. It will not be done
for two reasons; 1) optimization can be performed more simply
on the array form, and 2) it is easier to eliminate inter-
register redundancy when transforming the array to symbolic
code. The output of the translator routine will be OCDMS
assembly language symbolic code, relocatable addresses, and
other address constants.
3.1.2.1.3.6 Assembler

An OCDMS Support System Assembly Program will
process symbolic and pseudo instructions from the OCDMS
computer repertoire into corresponding machine codes. Input

will be either translator output or programs written in the
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assembly language itself. A wide range and variety of procedures
of functional requirements are expected; thus, many subroutines
will be written in assembly language. Minimum requirements,

in addition to standard assembly practice, include:

e Macro-instruction specifications and expansion
® Repetition Commands (such as a Duplicate Pseudo)
® Output listing control

® Segmentation and overlay

3.1.2.2 Function 2: Data Management

The data management function of this CPCEI shall

provide the facilities for systematic and effective means
of classifying, identifying, storing, cataloging, and retrieving
all data (including loadable programs) processed by the Support
System. The operational requirements shall be satisfied by |
CPCs which provide facilities grouped into two major categories:

e Data Set Control

® Data Access

a) Data Set Control

Data Set control shall be provided by means of
the following:

® Cataloging standards

e Storage location control

@ File and program protection techniques

e Format standards

Data set organization



b)
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Data Access

Input/output routines shall be provided that schedule

and control the transfer of data between main storage and the

input/output devices. Routines must be available to perform

the following functions:

3.1.2.2.1

a)

from the

Read data

Write data

Block and Deblock Records

Overlap Reading/Writing and Processing Operations
Read and Verify Data Set Labels

Detect Error Conditions and correct them when
possible

Provide exits to appropriate error and label
routines.

Source and Type of Inputs

Functional inputs shall typically be obtained
following sources:
Equipment descriptions
equipment characteristics
Experiment data definitions
Development test data
Qualification test data
Reliability test data
Functional test data

Calibration data



b)
c)
d)
e)
3.1.2.2.2

a)
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Units of measure -- To be determined
Limits/ranges -- To be determined
Accuracy/precision -- To be determined
Arrival frequency -- To be determined

Destination and Types of Output

Functional outputs shall consist of, but not

necessarily be limited to, the following types:

3.1.2.2.3

@ Data set organizations

® Data access control methods

e Block and buffering facilities
® Communication cell constructs

- Procedure Block Files
- Unit Control Blocks

Destinations —-- To be determined

Units of Measure -- To be determined
Limits/raiiges =-- To be determined
Accuracy/precision -- To be determined
Output frequency ~-- To be determined

Information Processing

Control and service routines shall provide proces-

sing facilities for system macro-instructions with functions

to include the following:

a)

b)

Definition of control blocks for I/O operations

Buffer pool operations



Specification No. CGOON8-2036701

Revision No.

Page I-19 of 79

c) Name specification

d) Data access methods in which each I/0 statement
causes a corresponding machine I/O operation to occur.

e) Data access methods that synchronize the transfer
of data between programs using an I/O device and thereby eli-
minating delays for particular I/O operations.

3.1.2.3 Function 3: Job Management

a) The job management function of this CPCEI shail
provide the facilities for efficient processing by:
® using the computing system to perform routine
job handling activities in a rapid, precise manner;
® eliminating nonessential operator decisions with
their attendant delays and possible human errors;

¢ allowing the programmer to defer specification

of

-

nput/output requirements until after compile time.

b) Job control by programming personnel shall be
accomplished at job set-up time by a job control language
and by the computer operator through system communication.
System communication shall enable support system to respond
to operator commands, and to request that the operator
perform such actions as mounting tapes; it must also permit
a program to communicate with the operator.

c) Job scheduling may be implemented either as a

sequential or priority scheduling system.




d) Pro
°
°
o
3.1.2.3.1
a)

from the fol

b) U
c) L
d) A
e) A

3.12.3.2 D
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visions shall be made for optioné including:
Job accounting log

Concurrent job processing

Stacked job processing

Source and Types Of Inputs

Functional inputs shall typically be obtained
lowing sources:

e Experiment phenomena to be observed

® Experiment development

e Experiment time lines

e Experiment data descriptions

e Data handling requirements

nits of Measure -- To be determined
imits/ranges -~ To be determined
ccuracy/precision -- To be determined
rrival frequency -- To be determined

estination and Types of Outputs

a) F
necessarily
°

unctional outputs shall consist of, but not
be limited to, the following types:
Scheduling controls and parameters
Data set dispositions
Job file control blocks
Control statements
Accounting Logs

Label-process
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b) Destinations -- To be determined

c) Units of measure -- To be determined

d) Limits/ranges -- To be‘determined

e) Accuracy/precision -- To be determined

f) Output frequency -- To be determined
3.1.2.3.3 1Information Processing

Control and service routines shall provide

processing facilities for system macro-instructions with

functions to include:

a) Simple Program Management

call

save

a program

register contents

return to a program

b) Overlay

call
load

load

c) Dynamic

link

Program Management

and branch instructions
segments while processing
segments before processing
Program Management

to a load module

transfer control to a load module

load

and retain load modules

delete retained load modules

identify embedded entries
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d) Main Storage Management
® allocate main storage
® release allocated main storage

3.1.2.4 Function 4: Task Management

a) The task management function of this CPCEI shall be
performed by control programs for units of work known as tasks.
The performance of a task shall be requested ky job steps.

A distinction is made between a task and a program:
e programs are sequences of instructions
e tasks are the work to be done by executing
programs.

b) The distinction is made for the purpose of providing

multiprogramming capability and therefore, the possibility of

shared computer code. The same program shall in certain

+
A

3

c) Tasks not programs shall have priority for the
multiprogramming considerations of this CPCEI.

d) Tasks in accordance with these definitions consist
of computer program components which are executed under
control of a task control block (TCB).

e) Switching of control from one task to another shall
be accomplished with the contents of registers and the program

status words of the relinguishing task stored in its task

control block. When a task is dispatched, the task control
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block will contain all the necessary information to set-up
machine states needed for task execution.

3.1.2.4.1 Source and Types of Inputs

a) Functional inputs shall typically be obtained from

the following sources:

e Experiment Prerequisites

e Orbit Requirements

o Vehicle‘Attitude Requirements

® Target Acquisition and Pointing

® Crew Requirements In-Flight

e Experiment Operations

e Experiment Data Definitions

® Experiment Displays

® Experiment Controls

b) Units of Measure -- To be determined
c) Limits/ranges -- To be determined

d) Accuracy/precision -- To be determined
e) Arrival frequency -- To be determined

3.1.2.4.2 Destination and Types of Outputs

a) Functional outputs shall consist of, but not
necessarily be limited to, the following types:
e Single-Task Operations
® Multi-Task Operations

@ Storage Allocation




b)
c)
d)
e)
£)
3.1.2.4.

3
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e Task Synchronization

@ Exceptional Condition Handling

Destinations -- To be determined

Units of measure -- To be determined
Limits/ranges -- To be determined
Accuracy/precision -- To be determined
‘Output frequency -- Tb be determined

Information Processing

Control and service routines shall provide

processing facilities for system macro-instructions with

functions to include:

a)

b)

c)

Task Creation anéd Managcment

e create and attach a task

e remove a task

® change the dispatching priority
® extract selected TCB fields.
Task Synchronization

e wait for an event

e signal event completion
Exceptional Condition Handling

e specify program interruption exit
e specify task abnormal exits

e terminate tasks abnormally

® checkpoint a job step
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d) General Services
® request time and date
® write to the operator
® set/test timers
® write to the log

3.1.2.5 Function 5: Program Production

The program production function of this CPCEI
shall provide the processing capabilities to:

a) line separately assembled or compiled modules
of programs into one load module;

b) incorporate modules from data sets other than
its primary input, either automatically or upon request;

c) construct overlay programs for loading by
a control program;

d) aid program modification by replacing, deleting,
and rearranging control sections as directed by program
production control statements;

e) reserve storage for the common control sections
generated by the Assembler or other compiler languages;
f) provide processing options and logging diagnostic
€rror messages.
Program production processing shall be a necessary step
that follows source program assembly or compilation. Load

modules shall be processed for execution under control of
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the OCDMS Supervisory System CPCEI. Provisions for an error
protection encoding scheme shall be required in conjunction
with this system function (see Appendix 10).

3.1.2.5.1 Source and Types of Inputs

a) Functional inputs shall typically be obtained from
the following sources:
e Translator object modules
e Data management CPCs
e Job management CPCs
e Task management CPCs

e Configuration management
-~ accounting requirements

- reporting system

b) Units of measure -- To be determined
c) Limits/ranges -- To be determined

d) Accuracy/precision -- To be determined
e) Arrival frequency -- To be determined

3.1.2.5.2 Destination and Types of Outputs

a) Functional outputs shall consist of, but not
necessarily be limited to, the following types:
® Module linkage
e Library input sources
e Program overlay structure
@ Program modifications and options

® Error protection encoding



production routines provide the facilities for combining
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e Data base edit/update

® Object to load module conversion

b) Destinations -- To be determined -

¢) Units of measure -- To be determined 1
d) Limits/ranges ;— To be deterﬁined

€) Accuracy/precision -- To be determined

f) Output frequency -- To be determined

3.1.2.5.3 Information Processing

a) Module Linkage - processing shall make it possible

to segment programs into one or more control sections. Each

module may be separately assembled or compiled. The program

such modules into a single load module.

b) Additional Inputs - standard subroutines from the
OCDMS program library may be added to an output module.
Symbols that are undefined after all modules have been pro-
cessed in -a particular processing run shall call an automatic
library call mechanism. This will cause a library search to
resolve the reference. A named module that is found shall
be processed to be an integral part of an output load module.

¢) Program Modification - by means of replacement,

deletion, or movement as directed by control statements shall
be provided. External symbols shall be changed or deleted

as directed by other control statements to the program pro-

duction routines.



EEETT T T T T e

Specification No. CGOON8-2036701

Revision No.

Page I-28 of 79

d) Options and Error Messages - shall be processed

by routines to produce maps or a croés—reference table which
show arrangement of control sections, and also indicate how
communication is to be accomplished. Special processing
options that negate automatic library call or the effect of
minor errors shall be provided. Throughout, processing
errors and possible error conditions must be logged.

3.1.2.6 Function 6: Program Test and Verification

The program test and verification function of this
CPCEI shall include provisions for execution--time testing
of input programs. The test services to be performed shall
be specified by the programmer through macro-instructions
included in the source programn.

a) Services shall be performed at specified points
in the program under test. Macro-instructions and applica-
tion program instructions may be intermixed, grouped separately
or even assembled independently.

b) Service routines shall be reenterable and useable
by several tasks in multiprogrammed tests. These routines
require protection against modification by application pro-
grams, and shall include facilities to detect runaway testing

and excessive test output.
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c) The test data shall be processed by an edit routine
that provides options in recording and printing according
to output selection codes expressed in the related macro-
instructions. The test data, including all associated symbols,
shall be printed in a format defined in the source program.

3.1.2.6.1 Source and Types of Inputs

a) Functional inputs shall typically be obtained
from the following sources:
e Translator/Assembler object modules
® Program production modules

e Implementation test requirements

(see paragraph 4.2)

b) Units of measure -- To be determined
¢c) Limits/ranges -- To be determined

d) Accuracy/precision -- To be determined
e) Arrival frequency -- To be determined.

3.1.2.6.2 Destination and Types of Outputs

a) Functional outpus shall consist of, but not
necessarily be limited to, the following types:
e Dump or record processes
e Trace actions
® Test identifiers
® Branch and jump instructions

e Initialization and set-up




b)
c)
d)
e)
£)

3.1.2.6.3
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Destinations -- To be determined

Units of measure -- To be determined
Limits/ranges -~ To be determined
Accuracy/precision -- Té be determined
Output frequency -- To be determined

Information Processing

Control and service routines shall provide processing

facilities for system macro-instructions with functions to

include the following:

Recording of:

main storage

identified changes

storage maps

system tables

comments

Tracing of;

- program transfers

- call statement executions
- storage references

Test actions to:

- initiate testing

- perform test at location

~ define flags or counters
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- alter sequences or conditions
- terminate testing
® Subroutine and program transfers
e Assignment of conditions and values

3.1.3 Data Base Requirements

Parameters which affect the design of the OCDMS CPCEI
will reflect information in the following categories:

® Calibration Information:

Coefficients of curves determined during calibration
of transducers or other measuring devices against established
measurement standards.

® Configuration Information:

Part numbers, serial nulbers, and other identifiers
that establish the particular configuration of critical or
otherwise important components and physical assemblies.

® Experiment Monitor Tolerance Values:

Magnitudes of upper and lower tolerance limits to
nominal values of measurand quantities.

e Site Adaption Parameters:

Conversion and format variables used to transliterate
alphanumeric data for site peculiar and multi-site computer

differences. (See paragraph 3.2.1 for additional identification).
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e Reference Designator and Device Codes:

Symbolic labels assigned to hardware components,
assemblies, or subsystems that provide a convenient cross-
reference between different engineering documentation.

® Measurement Numbers and Names:

Primarily this is a reference to PCM telemetry time
slots, but also appropriate for all measurement signal paths.

® System Addresses and Identifiers:

Binary bit patterns that are assigned to enable
communication to multiple ground site stations, other vehicles,
or to major subsystems of the OCDMS .

o Test Point Dictionary:

OCDMS and experiment equipment test point addresses,
mnemonic names, and other convenient information associated
with test points.

o Data/Number Conversion Tables:

Cross—reference lists between BCD, ASCII, EBCDIC,
decimal, octal, hexadecimal, floating-point, binary, and
numerous other conversions encountered in the normal course
of computing. (Particularly for multi-computer applications.)

o Control Words and Masks:

Standard bit patterns used to set-up devices such
as programmable function generators, multiple discrete genera-

tors, and similar equipment.
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3.1.4 Human Performance

In accordance with requirements identified by reference
2.1.2, General Specification for the OCDMS, the CPCEI shall
have performance characteristics that reflect established
‘human engineering design standards. 1In order to enhance the
reliability of human performance, and to reduce opérating

‘inefficiencies, and training requirements, MSFC-STD-267A,

Human Engineering Design Criteria, shall be used as a guide-

line for OCDMS design, and software development shall be in
accord as applicable.

3.2 CPCEI Definition

The functional relatioship of the CPCEI to other
equipment/computer programs and the identification of govern-
ment-furnished computer programs incorporated in the CPCEI

are specified by the following subparagraphs.

3.2.1 Interface Requirements

The OCDMS Support Syétem CPCEI will be utilized by
programming, engineering, data processing, and computer tech-
nician personnel. The‘overall system or segments of it will
be used for mission support activities relating to various
installations, sites, and operational locations as specified
by the OCDMS General Specification. These factors are the basis

for interface requirements identified below:
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3.2.1.1 Interface Block Diagrams

Exhibits 2,3,4, and 5 portray the relationships to other

equipment/computer programs with which this CPCEI shall interface.

3.2.1.2 Detailed Interface Definition

3.2,1.2.1 OCDMS Computer - To be determined.

3.2.1.2.2 Computer Language

The language translation function requirements
identified in 3.1.2.1 and subparagraphs shall be designated
also as interface requirements. This is based on the rela-
tionship that the languages have to human performance factors.

3.2.1.2.3 Data Management

The data management function requirements identified
in 3.1.2.2 and subparagraphs shall also be designated as
interface requirements. The reason for this definition is
based on the system interactions that result because of data
organization, descriptions, and formats. The generation of
site—péculiar parameters by the OCDMS Support System is a
significant requirement in this respect (3.1.2.1.3.4 and
3.1.3). Adaptability and flexible interface relationships
are to be design goals that must be achieved with minimum
impact to existing facilities and operational procedures.

3.2.1.2.4 OCDM Supervisor System CPCEI

To be determined
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3.2.1.2.5 OCDM Experiment Procedure CPCEI

To be determined.

'3.2.2 Government-Furnished Property List

To be determined.

3.3 Design Requirements

This section of the specification contains requirements
and standards that affect the design of the CPCEI and are
distinguishable from the performance requirements of Section
3.1. The specifications identified are in general applicable
also to other OCDMS CPCEIs; i.e., the Supervisory System and
Application Programs.

3.3.1 Programming Standards

The use of programming standards and conventions assures

compatibility between computer program components. Since a

-system development of the scope and complexity of OCDMS in-

volves a large number of different‘contributors, engineering
disciplines, and programming methods; therefore, adherence
to these standards is considered mandatory in order to avoid
significant and complicated communications problems.

3.3.1.1 General Requirements

a) Assure intended program initialization. Avoid
assumptions that storage is initially zero, tapes are posi-

tioned, etc.
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b). Parameterize where possible. Most numbers should
be assembly parameters defined in one region and referred to
symbolically throughout a program. Even numbers which are
absoluﬁe in context, such as positions in a table or in a
calling sequence, should be symbolic so that all references
to the table or calling sequence can be found in a cross-
reference dictionary.

c) In testing a series of conditions, as a para-
meter with several possible statés, use positive testing of
each condition or state. Do not assume that the set of
mutually exclusive conditions in a functional sense will
exhaust the set of conditions that may physically exist.

For example, if it is known that a field may legitimately
contain a code of A, B, or C, all three conditions should be
tested explicitly rather than assume it is C because it is
not A or B. If none of the conditions are satisfied, an
exit to an unusual end routine should be made.

3.3.1.2 Commentary

a) Comments - Each routine should begin with a
series of "comments" cards containing the following:
® Routine label
® Routine name, if any
® Main program and subprogram label in

whose context this routine is executed.
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e Function or purpose
° 1Calling sequence
e Entry conditions, exit conditions
® Error Exits
e Labels of the other routines or data
blocks used.
Use comments and blank spaces (blank comments cards) to
show program structure and sequence.

b) Remarks - Symbolic coding lists should make
liberal use of the "remarks" field. They should be meaningful
and concise. Avoid the type of remark which merely repeats
that which is obvious from the coding.

Remarks should be included to denote:
® Program entfy points
® Loop exit points
e Loop return points
® Program exit points
® Major "block" begin and end
® Modified instructions and switches
3.3.1.3 Coding
a) Every label appearing on a flow chart must appear
in the coding.
b) Symbolic relative addressing should be used
only when limitations on the total number of labels requires

such use to save labels.
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c) Chosen techniques must be implemented in as com-
prehensible form as possible (i.e., coding should be straight-
forward, non-"tricky".) 1In those instances where efficiency
requirements preclude this, commentary must fully explain
the coding.

d) All storage areas should be defined:

e Instructions

® Fixed constants

e Variable constants
® Working storage

e I/0 Buffer Areas

3.3.1.4 Communication Practices

a) Routines should be entered by calling sequences
specified by the appropriate operating system, library or
user's group.

b) Routines may have one or more entries, where each
entry performs a éingle, well-defined function. Multiple-
entry regions are written to share coding or data used by
related functions.

c) Standard subroutine entry and exit macros are
employed by all regions except where a programmer-defined
exit is necessary to facilitate multiple returns from routines.

d) Routines are generally entered from a "control"

routine and return to that routine at the conclusion of
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execution. All programs written for execution when the inter-
rupt system of the computer is enabled should give due regard
to assuring that program context is preserved in the event

of the occurrence of an interrupt.

3.3.2 Program Design

3.3.2.1 Organization Guidelines

Three levels of program specification are involved
in the OCDMS Support System design:
® Main Program and Subprogram
® Routines and Data Sets
® Regions

3.3.2.1.1 Main Program and Subprograms

a) Main Program - A main program is defined as a

logical processing entity which accomplishes a major system
function. It occupies the highest level in the hierarchial
structure of a program, and may be coded as an open routine.
An example is a single pass of the OCDMS multipass compiler.

b) Subprogram - A subprogram is the first level of

division in the hierarchy of a main program, accomplishing a
major task or group of subtasks of the main program. It is
coded as a routine and may use one or more routines and/or

data sets.
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3.3.2.1.2 Routines and Data Sets

a) Routines - The conventional definition of a sub-
routine is to be used. It may be described as a closed
sequence of machine instructions with entry and exit points
permitting it to be executed at arbitrary locations within
higher level programs, and which performs a distinct function,
task, or module of processing.

1. Basic Routine. A basic routine uses no

subroutine.

2. Standards for Routine Design

e The structure of a routine shall be such
that it may be specified, flow charted, coded, and checked-
out as an independent entity, given that subroutines linkages
and executions are proper.

® Generally, the size of a routine shall not
exceed 100 to 200 instructions. No minimum size requirement
exists.

e A routine shall not contain logic or structure
related to more than one functional task. Subsequent pro-
gram modifications are significantly simplified with routines
of greater functional unity and less scope.

® A routine shall, whenever possible, maintain

a given hierarchy level throughout a particular usage; at
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the highest level (e.g., a subprogram), routines tend to
become characterized as a sequence of subroutine linkages
and calling sequences.
® Routines (at any level) must not refer to
locations within other routines. Routines may communicate
through separate cells, data sets, or tables in data regions.
o ‘Routines must ensure that the contents of
all operating registers not named in their calling sequence
or usage conventions are unchanged at exit from conditions
at entry.

b) Data Sets - A data set is the major unit of data
storage and retrieval in the OCDMS Support System. If con-
sists of a collection of data in one of several prescribed
arrangements and described by control information that the
system has access to.

1. Data Set Identification

A data set is a named, organized collection
of one or more records that are logically related. Informa-
tion in the data set is not restricted to a specific type,
purpose, or storage medium. A data set may be, for example,
a source program, a library of macro-instructions, or a

file of data records processed by an application program.



Specification No. CGOON8-2036701

Revision No.
Page I-46 of 79

2. Standards for Data Sets

e A data set shall reflect unity of function
in logical content and organization.

e A data set shall occupy sequentially con-
tinguous sections of storage except as limited by a particular
input/output device.
3.3.2.1.3 Regions

A region is defined as an aggregate of routines
(a program region) or an aggregate of data sets (a data
region). A program region is not itself an executable
routine, but a collection of routines which must be cate-
gorized as serving the same broad functional purpose. For
example, one region may consist of all error message rou-
tines; another region may contain only printing routines.
A data region may consist of only one data set, or may contain
several related tables or a generation data group. A genera-
tion data group is a collection of successive, historically
related data sets.

In general, a program region should correspond approximately

with a certain hierarchy level in the program structure.
A generation data group should be present in main storage
only during such Operaﬁions as edit and update of the data

base.
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3.3.2.2 Subprogram Construction

The Support System shall provide provisions to com-
bine subprograms of all OCDMS CPCEIs at four distinct times
during the cycle from program statement to complete job
execution.

3.3.2.2.1 Compilation/Assembly Time

Subroutines and separately written source decks
may be combined as the input to a single compilation or
assembly.

3.3.2.2.2 Program Production Time

Sepérately compiled object modules and load modules
can be included as input to a single program production run
to produce a single composite load module for execution. If
overlay techniques are used, the entire load module need not
be contained in available main storage.

3.3.2.2.3 Task Performance Time

a) A load module may be intérconnected with other
named modules during the time the task is performed. A job
contrél statement (EXECUTE) may designate a job step by
identifying other named modules to be fetched and executed.
In general, the first load module used in the performance
of any task may interconnect with other load module named

during the time the task is performed.
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b) Modules shall be placed wherever storage is
available, relocated (i.e., initialized to execute from
a chosen location), and interconnected dynamically. Overlay
of entire load modules shall at times be shared between
different tasks in a multi-task operating environment.

3.3.2.2.4 Program Specified Time

The same sequence of instructions shall (as appro-
priate to its specific status of three different possible forms;
i.e., source, object, or load module) be capable of being used
as a subprogram in a larger sequence of instructions. This
usage shall be possible with little or no change at any parti-
cular specified time.

3.3.2.3 Data Communication

The OCDMS Support System shall be governed by the

Fh

ollowing conventions for data communication between sub-
programs.

3.3.2.3.1 Implicit Communication

a) More than one subprogram can know the location of
data and have access to it because they were compiled,
assembled, or serviced by program production routiﬁes together.

b) Usage of implicit communication shall be possible
when subprogram linkage is either branch and link instructions
or CALL-type macro-instructions. Subprograms that require

modification and as a result have changed working or data
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storage will normally be required to be rewritten with
explicit communication.

3.3.2.3.2 Explicit Communication

a) Data communication between programs shall be
possible at the time of linkage. Either the data or its
location may be passed between the programs. Communication
by passing the data itself is called communication by value;
communication by specifying the location of the data is
called communication by name.

b) Data communicated explicitly are called parameters.
Parameters are further classified according to their use, as

follows:

o Control Program Parameters, which are passed

between the application programs and the control program
when system macro-instructions are executed. These parameters
are transferred in either parameter registers or parameter

lists.

o Application Program Parameters, which are

transferred between subprograms of the experiment procedure
programs when linkages are defined. These parameters are
transferred only by parameter lists.

3.3.2.4 Program Control

Program control shall change in an upward or downward

sense within the hierarchy of the CPCEI depending on each
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program linkage. An exception to the up/down change is
possible in the case of certain system macro-instructions in
which the given control level is kept constant (i.e., a
transfer to another module at the same level). The allowable
linkage types are specified by the following paragraphs.

3.3.2.4.1 Direct Linkage

Direct linkage is established by a branch and
link instruction or a system macro-instruction of thé CALL-
type. This type 6f linkage is used to link two subprograms
or an application program to a supervisory or control routine.
(Most system macr;—instructions for the data management func-
tion would use this £ype).

3.3.2.4.2 Support Program-Assisted Linkage

Support system macro-instructions of the type used
for dynamic program management or task creation and manage-
ment shall be used to link two subprograms.

3.3.2.4.3 Supervisor Linkage

Control program routines that are executed in a
supervisory state shall be provided for by a non-ambiguous
linkage instruction.

3.3.2.4.4 Exit Linkage

® Synchronous exits (occurring conéurrently and
with a regular or predictable time relationship) shall be

provided in response to system macro-instructions to enter

application routines from a system service program.
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e Asynchronous exit (unexpected or unpredictable
with respect to instruction sequence) shall be allowed by
use of a load program status work for exit linkage and entry
to an application program.

3.3.2.5 Program Element Names and Labels

a) Formats
The standard format for data set and subprogram
element names shall be one to eight characters, starting with
an alphabetic character, without embedded blanks. The special

character period (.) will separate simple names from each

"other. 1Including all simple names and periods of the length

of a name shall not exceed 44 characters. Thus, a maximum of
22 qualification levels will be possibel for data set names.

b) Labeling Convention

(1) The OCDMS Software System shall adhere to the
following conventions in order to assure uniformity and non-
interference of labels (symbolic addresses). A standardized
label selection procedure shall be adopted. Labels may,
identify routines as well as areas of coding within a routine.
They shall also be used to c;oss—reference a flow chart with
a symbolic listing.

(2) The following conventions for labels shall be

adhered to:
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® A label will consist of two - eight characters

in the order listed below:

L.AL.DDD
LL.L.DDD
LL.AL.DD
where
L = alphabetic letters (A-2Z)
D = digits (0-9)
A =1L or D
and
LL.AL.DDD

Routine number:
one to three digits

Routine internal label:
one to two characters, the
last of which is a letter

Region identification:
one to two letters.

® A routine label consists only of the

first and last character groups;

.DDD
_Q_

Routine number

Region identification
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The combination of region identification and
routine number shall uniquely identify the routines contained
with a region.

® Region identifiers shall be assigned a generic

functional significance as the following table illustrates:

Category Function
(lst Character)

A , - Symbol tables

C - Character attribute tables

G - Generators

M - Main Programs

P - Printing routines

S - Sourcg language input processor
routines

T - fTranslator parsing routines

The subroutines which perform the task of processing
source language input (S category) shall then be defined

uniquely by the programmer as follows:

S3 Isolates next word from source statement

S15 Packs a character into a character
position defined by a pointer address
and a buffer address.
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The remaining characters of the label shall be assigned
any combination of letters or digits which the programmer
might choose as long as "S3" (or "S15") are used consistently
within the subroutine as the identifying characters of the
label. For example, the symbols used in the subroutine labeling

S15 might be as follows:

SAl5
SB15
Labeled
SBB15 instructions
SC15
SD15
SX15 - holds index register 1
SW15 - temporary storage
SV15 - variable storage

3.3.3 Program Modification

CPCEI modifications shall adhere to configuration
management. accounting practices delineated by reference
2.2.1. The program development phase shall in general, be
conducted in accordance with guidelines and directives
given by reference 2.2. 4.

3.3.4. CPCEI Testing Facilities

The OCDMS Support System CPCEI shall provide the

techniques and services to ensure the ability to test all
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OCDMS computer program components during design, implementa-
tion, acceptance, and operations.

3.3.4.1 Test Services

System macro-instructions in conjunction with
Support System control routines shall provide test services

that include both action and control functions:

e Test actions shall include the dumping (recording
and display) of system tables, registers, and main storage,
and the tracing of transfers, subroutine calls, and references
to data.

o Controi capabilities shall include the dynamic
testing of conditions resulting from program execution. Per-
formance of test actions can accordingly be made dependent
on conditions detected during processing. When an error con-
dition is detected, an attempt at recovery shall be made by
alteration of application program data or control flow. Speci-
fic test actions shall be organized as subroutines or executed
repetitively under loop control.

3.3.4.2 Test Procedures

a) Required job steps -
® assembly
® program production
e testing

o edit of test data
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shall be performed either as separate jobs or
as steps within a single job.

b) The programmer shall have the capability to assemble
part of his program independently and to correct assembly
errors before proceeding with the test.

c) The programmer shéll be able to repeat the editing
of output from a single test and to select only data of
immediate interest on each repetition.

3.3.4.3 Test Operations

a) Test macro-instructions and application programs
to be tested shall be assembled either together or separately.
The assembler upon request shall produce a symbol table in
addition to its normal output. This table shall contain
with respect to application programs, the following items:
e symbol names
e data attributes (type, length and scale)
® named instruction attributes
b) The symbol table shall be processed together with
the assembly programs, macro-instructions, and control diction-
aries. It shall be used during post-processing to edit test
data into a format that includes the symbolic names and data

attributes of the source program.
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3.3.5 CPCEI Expandability

The requirements specified in sections 3.3.1 and 3.3.2
constitute a modular design concept relative to this CPCEI.
Expandability to the CPCEI shall be provided by means of CPC
modular construction techniques. Additions to the CPCEI
shall conform to the requirements of paragraph 3.3.3 with
particular emphasis given to ensure that specified file
protection, program protection, and program control conven-

tions are not disregarded.
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4.0 QUALITY ASSUBANCE PROVISIONS

Requirements for formal verification of the performance
of the CPCEI in accordance with the requirements for Section
3 of this specification are specified in order to:

a) determine if the components of the CPCEI are

implemented correctly;

b) determine if the CPCEI satisfies the require-

menté of its Part I Specification;
c) obtain test results that are used to determine
if scheduled milestones have been achieved;
d) formally qualify the completed computer programs
for operations use. |
The methods of verification that are specified herein include
inspection of the CPCEI, review of analytical data, demonstra-
tion tests, and review of test data.

4.1 Implementation Test Requirements

Implementation tests include all tests of the CPCEI other
than those accomplished during integration tests (see para-
graph 4.2). Several stages of tests shall be required to
validate the design of the CPCEI and to verify that the imple-
mentation of the design is correct. Thése shall include, but

not be limited to, the following categories:
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a) Pre-Implementation Desigh Tests - which are tests run

on trial designs prior to establishing an initial design
approach. These tests indicate real-time performance charac-
teristics, computational accuracies, storage limitations,ietc.
Tests of this type shall, when appropriate, be continued.
throughout the design process.

b) Subprogram Checkout - which are visual inspections

and hand manipulations with selected data of coded CPCEIL
subprograms; followed by assembling the subprogram on the
computer. Each assembled subprogram shall be tested by use
of controlled data inputs. The goal is to identify and
reduce indigenous and exogenous failure mechanisms prior to
combining the subprograms into main programs or other func-
tional program aggregates.

c) Main Program Checkout - which arec tests performed on

functionally related subprograms. These shall be e#ecuted
initially with no input to verify the ability to cycle. Con-~-
trolled inputs shall then be introduced to establish correct
performance. Purpose of the testing is to eliminate logic
and coding errors from the interfaces between subprograms.
Testing levels shall be accomplished at this stage to the

corresponding levels of subprograms within the CPCEI.
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d) CPCEI Simulated Environment Tests -

1. The CPCEI shall be tested in a simulated environ-
ment prior to its integration into the total computer-based
system. Such tests are contingent upon the availability of
a system environment simulator and associated test support
tools. Therefore, these tests may be deferred until overall
OCDMS qgualification testing.

2. Simulated environment testing objectives are:

e to obtain a more controlled test of the CPCEI
than could be accomplished in the total OCDMS;

® to determine the safety of the CPCEI in the
OCDMS without exposing the system to unnecessary hazard;

e the OCDMS may not be available for use for
preliminary qualification of the CPCEI prior to transferring
it from a development facility to a using facility;

® to provide preliminary training in the use
of the CPCEI and to evaluate proposed operating procedures
for the CPCEI.

4.1.1 Design and Development Testing

Computer program components and program tests shall
be conducted in the acquisition phase prior to the preliminary
qualification tests. These shall be validation and verifica-
tion tests that prove the design and demonstrate specified

performance requirements for each of the major functions.
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Language Translation

translating OCDMS user-oriented language(s);
assembly processing;
data formatting;

data conversions;

Data Management

data set organization"
data access control methods

blocking and buffering facilities

Job Management

scheduling control
job file control
job file control

accounting processing

Task Management

single-task operations
multi-task operations
storage allocation

task synchronization
exception condition handling

miscellaneous services

Program Production

module linkage

library input
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® program overlay

® program modification

¢ data base edit/update

e object module conversion

f) Program Test and Verification

® dumps

e traces

® tests

® branches

® initialize and set-up

4.1.2 Preliminary Qualification Tests

Preliminary qualification tests shall verify each
requirement of Section 3, which can be tested in a simulated
environment. If appropriate, they are to be held at the
contractor's development facility and will serve as the
basis for transfer of the CPCEI to the NASA-MSFC Facility.

4.1.2.1 Qualification Test Requirements

To be determined

4.1.2.2 Resources Required for Testing

To be determined

4.1.2.3 Test Schedules and Locations

To be determined

4.1.3 Special Test Requirements

To be determined
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Integration Test Requirements

This section specifies the verification test requirements

applicable to performance/design requirements identified in

Section 3.0 which cannot be accomplished until the CPCEI is

assembled into or used with the OCDMS computer-based system

environment and other CPCEIs.

4.2.1

General

The OCDMS Support System CPCEI tests which are required

in direct support of system integration are:

4.2.1.1

4.2.1.2

4.2.1.3

4.2.1.4

4.2.1.5

4.2.1.6

4.

2.2

Sequence of Tests

To be determined

Functions to be Tested

To be determined

Testing Environment

To be determined

Support Computer Programs Required

To be determined

Personnel Required

To be determined

Equipment Required

To be determined

Acceptance/Qualification Test

The requirements imposed against the CPCEI for formal

qualification of the integrated computer program components (CPCs)
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with OCDMS are identified in the following subparagraphs.

Verification of the requirements shall be accomplished by

inspection or review of analytical data, or by demonstration,

or test and review of test data, or a combination of these

as required by the procuring agency.

4.2.2.1 Sequence of Tests

To be determined
4.2.2.2 Functions to be Tested

To be determined
4.,2.2.3 Testing Environment

To be determined
4.2.2.4 Support Computer Programs Required

To be determined
4.2.2.5 Personnel Required

To be determined
4.2.2.6 Equipment Required

To be determined
6.0 NOTES

None
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10.0 APPENDIX

10.1 BOSE-CHAUDHURI ERROR PROTECTION ENCODING SCHEME

a) Apollo Command Program and OCDMS shall use the Bose-
Chaudhuri error protection encoding scheme. Using this code,
the limits on the probability of an undetected error can be
stated independent of transmission line error statistics.

The mathematical technique for develbping this code is des-
cribed below and is followed_by a programming interpretation.
b) Program constraints - four constraints which must be

determined premission to be incorporated into the command

program are definéd below:

1) n - Total number of information bits plus error
protection bits.
2) k - Total number of information bits.
3) p —'Total number of error protection bits
(p = n - k)
4) G - An operator function (generator polynomial)
consisting of a fixed format of p + 1 binary bits.
c) Mathematical technique -~ the error bits can be shown
to be a portion of a polynomial that is derived by dividing
a polynomial, F(x), made up of n terms, by G(x). The coeffi-
cients of the info bits are used in F(x). This will yield a
Q(x) and a remainder R(x):

F(x) _ R(x)
G (x) = Qlx) + G (x)
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Using exclusive OR addition, F(x) is added to R(x) to yield:
F(x) - R(x).
The coefficients of the first k bits are the information bits.
The remaining bits are the required error protection bits.
F(x) - R(x) is thé data recéived at the remote site. This
data should be exactly divisible by Q(x). If a remainder
other than zero is obtained after dividing F(x) - R(x) by
Q(x), an error has occurred.
d) The géneral form of the polonomials discussed above

will be as follows:

“+...+a xP+a

1
Fx) p* t3p-1 : 1¥ *3g

!
>
»
+
[+1]

!
N
»

bpxp+b xP~1i . 4p xtb x°

G(x) p-1 1 0

e) Example: It is desired to transmit the information
bits 10101 plus three error protection bits. Thus, n=8, k=5,
p=3. Form F(x):

7 6 5 4 3 2 1 0

F(x) 1x'40.x +1.Xx"+0.X +1.x"+0.x°40.x+0.x

7

Fix) =x" + 0 + x5 3

+ 0+ x"+0+0+0
The constant G(x) is defined as 1011. The following poly-
nomial is formed:

G(x) =1 . x3 + 0 ° x2 +1 - Xt + 1 - x

x3 + o+ x +1

0

G (x)
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Using exclusive OR addition instead of subtracting, divide

F(x) by G(x):

x4 + x + 1
B r o+ x+1l x40+ X+ 0+ K+ 040+ 0
x7 + 0 + x5 + x4
x?+ xP+ 040
x4 + 0 + x2 + x
x3 + x2 + x + 0
X3 + 0 +x + 1
This yields Q(x) = x4 + x + 1 and R(x) = x2 =1
Form the polynomial F(x) - R(xX) using exclusive OR addition:
7 5 3

X' + 0+ x" +0+x" +0+0+0

x%+ 0 +1

l1+0+1+0+1+1+0+1

Therefore, the error protection bits are 101 and the entire
message is 10101101. The OCDMS Supervisory Routines will
receive F(x) - R(x) and will divide it by G(x). This will

vield a remainder zero if the information is error free.

f) Constants used in the system:
1) 600 Bit Block
n = 600
k = 567
p = 33
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60 Bit Message Sub-blocks

n = 57
k = 30
p = 27

40 Bit Return Sub-blocks

n = 40
k = 16
p = 14
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10.2 GLOSSARY

access method: Any of the data management techniques avail-
able to the user for transferring data between main storage
adn an input/output device.

address constant: A value, or an expression representing
a value, used in the calculation of storage addresses.

allocate: To grant a resource to, or reserve it for, a
job or task.

application program: Any of the class of routines that
perform processing of experiment procedures for checkout,
data management, equipment self check, etc.

asynchronous: Without regular time relationship; hence,
as applied to program execution, unexpected or unpredictable
with respect to instruction sequence.

attach (task): To create a task control block and present
it to the supervisor control program.

attribute: A characteristic; e.g., attributes of data

include record length, record format, data set name, associated
device type and volume identification, use, creation date,

etc.

auxiliary storage: Data storage other than main storage.

block (records):
1. To group records for the purpose of conserving storage
space or increasing the efficiency of access or processing.

2. A physical record so constituted, or a portion of a
telecommunications message defined to be a unit of data
transmission.

block loading: The form of fetch that brings control
sections of a load module into contigous positions of main
storage.

buffer (program input/output): A portion of main storage
into which data is read, or from which it is written.
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checkpoint:

l. A point at which information about the status of a job
step can be recorded so that the job step can be restarted.

2. To record such information.
control block: A storage area through which a particular

type of information required for control of the operating
system is communicated among its parts.

control dictionary: The external symbol dictionary and
relocation dictionary, collectively, of an object or load
module.

control program: A collective or general term for all
routines in the operating system that contribute to the
management of resources, implement the data organization
or communications conventions of the operating system,
or contain privileged operations.

control section: The smallest separately relocatable unit
of a program; that portion of text specified by the pro-
grammer to be an entity, all elements of which are to be
loaded into contiguous main storage locations.

data control block: A control block tnrouyir whiich tho infar-
mation required by access routines to store and retrieve
data is communicated to them.

data definition name (ddname)L A name appearing in the data
control block of a program which corresponds to the name
field of a data definition statement.

data definition (DD) statement: A job control statement that
describes a data set associated with a particular job step.

data management: A general term that collectively describes
those functions of the control program that provide access
to data sets, enforce data storage conventions, and regulate
the use of input/output devices.

data organization: A term that refers to any one of the data
management conventions for the arrangement of a data set.
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data set: The major unit of data storage and retrieval
in the operating system, consisting of a collection of
data in one of several prescribed arrangements and des-
cribed by control information that the system has access
to.

data set control block (DSCB): A data set label for a
data set in direct-access storage.

data set label (DSL): A collection of information that
describes the attributes of a data set, and that is normally
stored with the data set; a general term for data set '
control blocks and tape data set labels.

deferred entry: An entry into a subroutine that occurs as
a result of a deferred exit from the program that passed
control to it.

deferred exit: The passing of control to a subroutine at
a time determined by an asynchronous event rather than at
a predictable time.

dispatching priority: A number assigned to tasks, and used
to determine precedence for use of the central processing
unit in a multitask situation.

dump (main storage) :

l. To copy the contents of all or part of main storage onto
an output device, so that it can be examined.

2. The data resulting from 1.
3. A routine that will accomplish 1.

entry point: Any location in a program to which control can
be passed by another program.

event: An occurrence of significance to a task; typically,
the completion of an asynchronous operation, such as input/
output. ‘

event control block (ECB): A control block used to represent
the status of an event.

exchange buffering: A technique using data chaining for elimi-
nating the need to move data in main storage, in which control
of buffer segments and user program work areas is passed
between data management and the user program according to the
requirements for work areas, input buffers, and output buffers,
on the basis of their availability.
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exclusive segments: Segments in the same region of an overlay
program, neither of which is in the path of the other. They
cannot be in main storage simultaneously.

execute (EXEC) statement: A job control statement that desi-
gnates a job step by identifying the load module to be faztched
and executed.

external reference: A reference to a symbol defined in another
module.

external symbol: A control section name, entry point name,
or external reference; a symbol contained in the external
symbol dictionary.

fetch (program):

l. To obtain requested load modules and load them into
main storage, relocating them as necessary.

2. A control routine that accomplishes 1.

generation data group: A collection of successive, histori-
cally related data sets.

initial program loading (IPL): As applied to the support
system, the initialization procedure which loads the nucleus
and begins normal operations.

initiator/terminator: The job scheduler function that selects
jobs and job steps to be executed, allocates input/output
devices for them, places them under task control, and at
completion of the job, supplies control information for
writing job output on a system output unit.

input job stream: A sequence of job control statements
entering the system, which may also include input data.

input work queue: A gqueue of summary information of job
control statements maintained by the job scheduler, from
which it selects the jobs and job steps to be processed.

installation: A general term for a particular computing
system, 1n the context of the overall function it serves
and the individuals who manage it, operate it, apply it to
problems, service it, and use the results it produces.
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job: An externally specified unit of work for the computing
system from the standpoint of installation accounting and
operating system control. A job consists of one or more

job steps.

job control statement: Any one of the control statements
in the input job stream that identifies a job or defines:
its requirements.

job management: A general term that collectively describes
the functions of the job scheduler and master scheduler.

job scheduler: The control program function that controls
input job streams and system output, obtains input/output
resources for jobs and joh steps, attaches tasks corres-
ponding to job steps,and otherwise regulates the use of
the computing system by jobs.

job (JOB) statement: The control statement in the input job
stream that identifies the beginning of a series of job
control statements for single job.

job step: A unit of work for the computing system from the
standpoint of the user, presented to the control program by
job control statements as a request for execution of an
explicitly identified program and a description of resources
required by it. A job step consists of the external specifi-
cations for work that is to be done as a task or set of tasks.
Hence, also used to denote the set of all tasks which have
their origin in a job step specification.

language translator: A general term for any assembler, com-
piler, or other routine that accepts statements in one
language and produces equivalent statements in another
language. :

library: 1In general, a collection of objects, (e.g., data
sets, volumes, card decks) associated with a particular use,
and the location of which is identified in a directory of
some type. In this context, see job library, link library,
system library.

linkage: The means by which communication is effected
between two routines or modules.

load: To fetch, i.e., to read a load module into main storage
preparatory to executing it.
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load module: The output of the program production programs
in a format suitable for loading into main storage for
execution.

locate mode: A transmittal mode in which data is pointed to
rather than moved.

logical record: A record from the standpoint of its content,
function, and use rather than its physical attributes; i.e.,
one that is defined in terms of the information it contains.

macro-instruction: A general term used to collectively
describe a macro-instruction statement, the corresponding
macro-instruction definition, the resulting assembler langu-
age statements, and the machine language instructions and
other data produced from the assembler language statements;
loosely, any one of these representations of a machine
language instruction sequence.

main storage: All addressable storage from which instructions
can be executed or from which data can be loaded directly into
registers.

master scheduler: The control program function that responds
to operator commands, initiates actions requested thereby,
and returns requested or required information; thus, the
overriding medium for controlling the use of the computing
system.

module {programming): The input tc, or output from, a single
execution of an assembler, compiler, or linkage editor; a
source, object, or load module; hence, a program unit that

is discreet and identifiable with respect to compiling, com-
bining with other units, and loading.

move mode: A transmittal mode in which data i1s moved between
the buffer and the user's work area.

multijob operation: A term that describes concurrent execu-
tion of job steps from two or more jobs.

multiprogramming: A general term that expresses use of the
computing system to fulfill two or more different require-
ments concurrently.
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multitask operation: Multiprogramming; called multitask
operation to express parallel processing not only of many
programs, but also of a single reenterable program used by
many tasks. .

name: A set of one or more characters that identifies a
statement, data set, module, etc., and that is usually
associated with the location of that which it identifies.

nucleus: That portion of the control program that must
always be present in main storage. Also, the main storage
area used by the nucleus and other transient control program
routines. '

object module: The output of a single execution of an
assembler or compiler, which constitutes input to program
production. An object module consists of one or more con-
trol sections in relocatable, though not executable, form
and an associated control dictionary.

operator command: A statement to the control program, issued
via a console device, which causes the control program to
provide requested information, alter normal operations,
initiate new operations, or terminate existing operations.

output work gqueue: A queue of control information describing
system output data sets, which specifies to an output writer
the location and disposition of system output.

output writer: A job scheduler function that transcribes
specified output data sets onto a system output unit, inde-
pendently of the program tha produced such data sets.

overlay: To place a load module or a segment of a load
module into main storage locations occupied by another load
module or segment.

overlay (load) module: A load module that has been divided
into overlay segments, and has been provided by program pro-
duction with information that enables overlay supervisor to
implement the desired loading of segments when requested.

overlay supervisor: A control routine that initiates and
controls fetching of overlay segments on the basis of infor-
mation recorded in the overlay module by program production.
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path: A series of segments which, as represented in an
overlay tree, form the shortest distance in a region between
a given segment and the root segment.

physical record: A record from the standpoint of the manner
or form in which it is stored, retrieved, and moved; i.e.,
one that is defined in terms of physical gualities.

post: To note the occurrence of an event.

priority scheduling system: A form of job scheduler which

uses input and output work gueues to improve system performance.

qualified name: A data set name that is composed of multiple
names separated by periods.

qualifier: All component names in a qualified name other
than the rightmost (which is called the simple name).

reader/interpreter: A job scheduler function that services
an input job stream.

ready condition: The condition of a task that it is in
contention for the central processing unit, all other require-
ments for its activation having been satisfied.

record: A general term for any unit of data that is distinct
from all others when considered in a particular context.

reenterable: 'he attribute of a lcad module that allows the
same copy of the load module to be use concurrently by two
or more tasks.

region: A contiguous area of main storage within which
segments can be loaded independently of paths in other

regions. Only one path within a region can be in main

storage at one time. o

relocation: The modification of address constants required

to compensate for a change or origin of a module or control
section.

relocation dictionary: That part of an object or load module

which identifies all relocatable address constants in the
module.
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resource: Any facility of the computing system or operating

system required by a job or task and including main storage,

input/output devices, the central processing unit, data sets,
and control and processing programs.

restart: To reestablish the status of a job using the infor-
mation recorded at a checkpoint.

return code: A value that is by system conventicon placed in

a designated register (the "return code register") at the comple-
tion of a program. The value of the code, which is esta-

blished by user-convention, may be used to influence the
execution of succeeding programs or, in the case of an

abnormal end of task, it may simply be printed for programmer
analysis.

return code register: A register identified by system con-
vention in which a user-specified condition code is placed,
at the completion of a program.

reusable: The attribute of a routine that the same copy of
the routine can be used by two or more tasks. (See reenter-
able, serially reusable.)

scheduler: (See master scheduler and job scheduler)

secondary storage: Auxiliary storage.

serially reusable: The attribute of a routine that when in
main storage the same copy of the routine can be used by
another task after the current use has been concluded.

service program: Any of the class of standard routines that
assist in the use of a computing system and in the successful
execution of problem programs, without contributing directly
to control of the system or production of results, and in-
cluding utilities, simulators, simulators, test and debugging
routines, etc.

simple buffering: A technique for controlling buffers in
such a way that the buffers are assigned to a single data
control block and remain so assigned until the data control
block is closed.

source module: A series of statements in the symbolic
language of an assembler or compiler, which constitutes the
entire input to a single execution of the assembler or
compiler.
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stacked job processing: A technique that permits multiple
job definitions to be grouped (stacked) for presentation to
the system, which automatically recognizes the jobs, one
after the other. More advanced systems allow job definitions
to be added to the group (stack) at any time and from any
source, and also honor priorities.

substitute mode: A transmittal mode used with exchange
buffering in which segments are pointed to and exchanged
with user work areas.

subtask: A task that is created by another task by means of
the ATTACH macro-instruction.

supervisor: A routine or routines executed in response to

a requirement for altering or interrupting the flow of
operations through the central processing unit, or for
performance of input/output operations, and, therefore, the
medium through which the use of resources is coordinated

and the flow of operations through the central processing unit
is maintained; hence, a control routine that is executed in
supervisor state.

synchronous: Occurring concurrently, and with a regular or
predictable time relationship.

system input unit. A device specified as a source of an
input job stream.

system library: The collection of all cataloged data sets
at an installation.

system macro-instruction: A pre-defined macro-instruction
that provides access to operating system facilities.

system output unit: An output device shared by all jobs,
onto which specified output data is transcribed.

task: A unit of work for the central processing unit from
the standpoint of the control program; therefore, the
basic multiprogramming unit under the control program.

task control block (TCB): The consolidation of contrcl
information related to a task.
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task dispatcher: The control program function that selects
from the task queue the task that is to have control of the
central processing unit, and gives control to the task.

task management: A general term that collectively describes
those functions of the control program that regulate the use
by tasks of the central processing unit and other resources
(except for input/output devices).

task queue: A queue of all the task control blocks present
in the system at any one time.

test translator:- A facility that allows various debugging
procedures to be specified in assembler language programs.

text: The control sections of an object or load module,
collectively.

throughput: A measure of system efficiency; the rate at
which work can be handled by a computing system.

transmittal mode: The method by which the contents of an
input buffer are made available to the program, .and the
method by which a program makes records available for output.

turn-around time: The elapsed time between submission of a
job to a computing center and the return of results.

wait condition: As applied to tasks, the condition of a
task that it is dependent on an event or events in order
to enter the ready condition.




